Abstract Aluminum (Al) toxicity is one of the primary factors limiting crop production on acid sulfate soils. In the present study, two-dimensional polyacrylamide gel electrophoresis approach (2D-PAGE) was applied to identify Al tolerance, plant growth promotion and separately expressed proteins were determined using mass spectrometry. Seedlings of rice were grown in an acid sulfate soil. Bio-fertilizer containing acid-tolerant and plant growthpromoting bacteria (PGPB) were given alone or in combination with ground magnesium limestone (GML) at 4 t ha -1
Introduction
Acid sulfate soils are around the world. Malaysia has 0.5 m ha of acid sulfate soil, rarely distributed sporadically in the Malay Peninsular, Sabah and Sarawak (Shamshuddin et al. 2014 ). The soil is categorized by low pH \3.5; with Communicated by Z.-L. Zhang. the presence of pyrite and jarosite consisting high contents of Al and Fe (Shamshuddin et al. 2004 ). The process of pyrite oxidation into soils on exposure to the atmosphere circumstances which can be a source of acidic excess into the soil (Muhrizal et al. 2003; Enio et al. 2011) . In acid soil, toxic level of aluminum prevents root development leading to a reduction in crop production. However, Altolerant cultivar detoxifies Al through a variety of mechanisms which are not well implicit at the genetic and molecular stages (Duressa et al. 2011) . The main indication for the toxicity of Al is the quick inhibition of root development that can be translated into reduction of plant energy and crop yields (Rengel 2006; Kochian et al 2005) .
Aluminum toxicity affects plant growth, particularly it causes variations in plant root morphology (Ciamporova 2002) and prevents the roots enlargement that yields distended root apices and reduces growth and development of the plant root hair. This widespread root damage causes a reduced growth with injured plant root system and restricted water and mineral nutrient uptake (Barcelo and Poschenrieder 2002) . In addition, Al can restrain the plant uptake of several cations with Ca 2? , Mg 2? , K ? , and NH 4
? (Ryan and Kochian 1993) . It has been proven from-the earlier studies that Al straight block root-cell ion transport proteins and various earlier reports have found that high Al ion hinders Ca 2? changes transversely the plasma membrane cells in plant roots (Rengel and Elliott 1992) . In the soil system, when pH falls below 5, aluminosilicate clays and aluminum hydroxide minerals arise to absorb, releasing aluminum-hydroxy cations and Al(H 2 O) 6 3? (Al 3? ), exchange with different cations. Under this condition, Al 3? also forms the mononuclear species AlOH 2 , Al(OH) 2 , Al(OH) 3 , and Al(OH) 4 . Mononuclear Al 3? species is known to be the utmost toxic form of aluminum in soil (Kochian 1995) .
High number of plant growth-promoting rhizobacteria (PGPR) have been known to be associated with rice rhizosphere (Naher et al. 2009 ) and have the ability to generate huge quantity of organic acids involved in P solubilization by chelation, a most likely mechanism for decreasing Al toxicity from the roots of plants (Panhwar et al. 2012) . For better plant growth performance, PGPR formulated in a consortium of bacterial strains is better than applied as individuals (Nakkeeran et al. 2005) . It is known that PGPR are able to support plant growth and developmental processes through various ways (Glick et al. 1999; Naher et al. 2011) , such as able to stimulate seed germination, plant root growth vigourness, leaf area index, chlorophyll, protein, Mg and N contents, hydraulic activity, drought tolerance, salt stress, plant dry biomass and hinder leaf senescence (Lucy et al. 2004) .
Proteins become the key factors, especially cell gene function and straightly concerned in the metabolism and cells' growth or production of toxins, allergens that are crucial for the human health. Consequently, proteomics could be predicted to be one of the powerful tools and safe in environment (Garcia-Canas et al. 2011; Gong and Wang 2013) . Proteomics is a suitable and important approach in plant research, which delivers latest information using classical biochemical information for various biological processes, from the progress in relation to plant stress (Hakeem et al. 2012a, b) .
There is insufficient information available on plant PGPR interactions in stimulating plant growth at molecular level. A 2D-PAGE strategy which has been extensively practiced to understand the plant stress responses due to either shortage of water or by the nutrient excessiveness (Hakeem et al. 2012b) . The technique provides extensive impression of proteins formed by both partners. In addition, it permits revealing of signal transduction pathways and post-translational protein alterations that expresses various protein functions. Previous studies have shown that in Trichoderma harzianum and maize interaction, the protein in metabolic pathways was induced by T. harzianum (Shoresh and Harman 2008) . In another study involving interaction between P. fluorescens in KH-1 on rice, it was shown that the bacteria expressed the promotional activity on rice growth and yield (Saveetha 2009 ). The 2D-PAGE from the plant leaf sheaths after PGPR inoculation exposed the initiation of some major dominant proteins engaged in the energy metabolism.
The presence of the most useful microorganisms improves the economic productivity in relation to reduce production cost of chemical P fertilizers and might be more efficient and effective for enhancing crop yields (Ngoc Son et al. 2003) . The soils with low soil pH particularly acid sulfate soils comprise low microbial population and activities due to the adverse effects of Al toxicity on cell growth (Panhwar et al. 2015) . Their activities vary considerably with soil management. Hence, the current study was conducted to analyze efficacy of a bio-fertilizer containing a consortium of PGPR strains with GML for reducing the Al toxicity, rice growth enhancement and its effect on expression of the associated proteins in the plant.
Materials and methods

Experimental location and conditions
A glasshouse experiment was conducted at Universiti Putra Malaysia. The acid sulfate soil used in the experiment was taken from Semerak paddy field in Kelantan, Malaysia (Latitude of 30.0°N and Longitude of 101.70°E) and rice variety MR219 was selected as test variety. The soil (10 kg pot -1 ) was treated with bio-fertilizer and ground magnesium limestone (GML), both separately or in mixture. The treatments were control, bio-fertilizer, GML and bio-fertilizer ? GML (at rate 4 t ha -1 ). The rate of GML used was based on results of the previous studies of Suswanto et al. (2007) and Shazana et al. (2013) . The soil amendments were incorporated into the soil 15 days before sowing. Urea, phosphate rock and muriate of potassium (KCl) were given at the rate of 120, 30 and 60 kg ha -1 , as sources for N, P and K, respectively. The pH of soil and leaf chlorophyll content was observed fortnightly till harvest. The plant height, root length and tiller numbers were evaluated at 45 days after the transplant. The experiment was arranged in a completely randomized design (CRD) with four replications.
Biochemical properties of the bio-fertilizer
The bio-fertilizer used was a combined group of nitrogen fixing bacteria, i.e., Bacillus sp. Sb13 and Sb26, Stenotrophomonas maltophilia Sb16 and phosphate solubilizing bacteria, i.e., Bacillus sp. PSB9 and PSB16, Burkholderia thailandensis ASB7, Sphingomonas pituitosa ASB17 and Burkholderia seminalis ASB21 (Table 1) . These bacteria can produce phytohormones (IAA), organic acids and certain enzymes such as phosphatase and phytase, for the chelation of Al and plant growth promotion (Naher et al. 2013; Panhwar et al. 2015) .
Rice seedling preparation
The seeds of the most cultivated rice variety in Malaysia MR219 were thoroughly sterilized following the procedure of Amin et al. (2004) . Initially rice seeds were seeded in a plastic tray lined with filter paper. Sterilized distilled water was applied to moisten the rice seeds and rice seedlings were grown for 7 days, and three seedlings were then transplanted into each pot.
2D-PAGE analysis
Rice leaves were collected in liquid nitrogen bag at 45 days after sowing, kept at -80°C before being used for proteomic analysis. The plant leaf samples with three replicates were taken and for protein extraction was performed individually. Subsequently, the sample extraction, proteins separated after particular treatments were being mixed, and joint protein sample was disseminated similarly into three aliquots, assisted as sub-replicates of joint protein sample.
Protein extraction
Leaf tissue (frozen at -80°C) was crushed in mortar with nitrogen (liquid) and placed in trichloracetic acid (TCA) 10%, acetone including dithiothreitol (DTT) 0.07% and retained at the 20°C of temperature for 1 h and centrifuged for 15 min at 35,000 rpm. The sample pellets were cleaned once with ice cold acetone (0.07% DTT) at -20°C for 1 h and centrifuged once more for 15 min at 35,000 rpm. Same process continued four to five times till the pure supernatant was obtained (free of chlorophyll). Finally, the pellet was lyophilized for 2 h. Approximately 10 mg of the powder (dried) was taken for protein extraction and dissolved in 350 lL of lysis buffer (7 M urea), thiourea (2 M), 3-[(3-cholamidopropyl) dimethylammonio]-1-propanesulfonate (CHAPS) (4%), ampholytes (0.5%) and DTT (0.7%). The extraction of protein was done (37°C) with special vortex. After 1 h of incubation, cell debris was pelleted by centrifuging for 30 min at 35,000 rpm. However, supernatant was dispersed in 100-lL aliquots and preserved at -80°C before for the process of 2D-PAGE (Kim et al. 2009 ). The protein was quantified using 2D Bradford kit (Bio-Rad Laboratories, Hercules, CA, USA) with BSA as the standard.
2D-PAGE
Equal quantity (100 lg) of the protein from the non-inoculated and inoculated samples was segregated by 2D-PAGE. To conduct first dimension, immobilized pH gradient IPG strips of 17 cm in length with pH 4-7 was selected. While gel electrophoresis was done at 500 V for 1 h followed by 1000 V for 1 h and 2950 V for 24 h. Subsequently, IEF, the proteins separated by SDS-PAGE were used for second dimension consuming 12% of polyacrylamide gels (Salekdeh et al. 2002) . The gels were discolored by silver staining procedure. For every replicated sample, a set of gel run with high firmness at various times was used for more analysis. In addition, all samples were permanently run in the same electrophoresis chamber to make sure the gel pattern comparability. The comparative profusion of proteins (spots) was measured with Melanie III (GeneBio, Geneva, Switzerland), later silver staining the gels and scanning with a densitometry (GS-700, Bio-Rad).
Gel image and data analysis
Two-dimensional (2D) moist gels were examined by a BioRad GS 710 Calibrated Imaging Densitometer and assessment of proteins forms was performed automatically by means of the ImageMaster TM PDQuest software (version 8.0) of Bio-Rad. The optimized factors were as follows: saliency, 2.0; partial threshold, 4; and minimum area 50. The concentrations of the protein spots were standardized to that of landmark proteins by interior standardization. The spots of proteins measured related to their comparative volume and were calculated using the volume ratio of a sole spot on the entire set of protein spots.
Scoring methods and statistical analysis
The protein spots were exposed and measured by the Gaussian method. The protein clusters were explained subsequently bringing into line and matching accordingly. PDQuest automatically calculates to quantify standards in the volume. For the every protein similar spot, while volume percentage was measured as its volume distributed using full volume of similar spots (mentioned hereafter as intensity). To match the strength of every polypeptide, PROC GLM model below was used with Statistical Package (1990):
where V i is the rice genotype influence, N j is the nitrogen influence, VN ij is the interface among the rice genotype and nutrient N level, B k is the replication or block effect, NB jk is the interface among the treatments and block, and E ijk is the remaining effect. However, mostly whole properties were determined in contradiction of the residual (E ijk ) excluding the effect of treatments that was confirmed in contradiction of NB jk to collect into account the split plot structure. However, solitary those with substantial (quantitative variations more than two times in abundance) and reproducible variations replicated thrice were utilized for more analysis.
Identification of proteins
Protein digestion
The distinguished protein spots were removed from the preparative gels, while the visible protein counts were quenched by MassPrep station (Waters). Exotic spots were de-stained with 50 lL of 50 mM (NH 4 ) 2 CO 3 and 50 lL of 50% acetonitrile, washed once with 50 lL of 100 mM (NH 4 ) 2 CO 3 and 50 lL of dehydrated acetonitrile. Later, the digestion was done by 6 lL of 1 trypsin including 25 lL of 50 mM (NH 4 ) 2 CO 3 for the time of 5 h at 37°C temperature. Further digested proteins were detached twice with 1% formic acid (30 lL) and 1% formic acid (12 lL) per 50% acetonitrile (12 lL), respectively. Finally collected proteins were collective and preserved in a PCR plate at 4°C.
Protein identification and sequencing by 2D nano-LC MS/ MS
Protein identification/documentation with sequencing was taken place by 2D liquid chromatography ESI-MS (Agilent 1100 series 2D nano-LC MS). The tryptic digested protein was exposed to column using reverse phase separation. Peptides were determined by electrospray ionization mass spectrometry using the Shimadzu Prominence nano HPLC system (Shimadzu) attached to a 5600 Triple TOF mass spectrometer (AB Sciex). Tryptic peptides were loaded onto an Agilent Zorbax 300SB-C18, 3.5 lm (Agilent Technologies) and isolated with a linear gradient of water/ acetonitrile/0.1% formic acid (v/v). Spectra were examined to detect proteins of interest using Mascot sequence matching software (Matrix Science) with Ludwig NR database.
Database examining using MS/MS spectra
The MS/MS spectra was selected and explored alongside with NCBI non-redundant protein database by MS/MS Ion Search Engine using a computer software program directing protein identification created alike the MS/MS spectra of a protein with a protein/DNA sequence database http:// www.matrixscience.com/search_form_select.html, as per our earlier studies (Hakeem et al. 2012a ) The search was reconfirmed by the Rice Genome Annotation Project Release 7 (http://rice.plantbiology.msu.edu/index.shtml). The importance of similar protein by the ion score was established on the MOWSE algorithm (Pappin 1993) . The ion score was measured as 10 9 log 10 (P), where P is the absolute possibility similar detected in a random event. Therefore, P value explained in similarity of recognized protein and spectra (MS/MS) was not a random occurred. An important particular similarity upsurges the ion core, and it explained with great score shows highly important matching (MASCOT Help; http://www.matrixscience.com/ help/scoring_help.html). Protein having a greater score than the lower score for the level of significance, i.e., P \ 0.05 was devoted to the significance of matching. Every search of MASCOT output reveals the lowest score for its significant levels on their delivery, depend on the entire possibility with the size of bend sequence database being explored.
Leaf chlorophyll content and soil pH
The plant leaf chlorophyll was analyzed fortnightly by a SPAD meter (MINOLTATM SPAD-502) (Peterson et al. 1993) . The SPAD values were observed from the fully expanded youngest leaf. The SPAD values with the degree of green color in plant leaf was compared with the actual chlorophyll in the plant tissue. The chlorophyll values were determined at many points of the leaf and the values were calibrated with SPAD meter reading and chlorophyll values per unit area determined using a spectrophotometer.
The pH of soil was determined in water with the ratio of 1:2.5 soil:water using PHM210 Standard pH meter at 30°C (Benton 2001) .
Statistical analysis
All data were statistically determined using the SAS Software Program (Version 9.3), and treatments mean was separated using Tukey's test (P \ 0.05).
Results
Chemical properties of the untreated experimental soil
Soil analysis showed that the soil was an acid sulfate soil (Table 2) . It was confirmed with the existence of yellowish mottles in the soil profile at the top (50 cm) denoted as jarosite. The experimental soil was found with lower soil pH about 3.80, with lower in Ca and Mg contents, respectively. However, exchangeable Al in the soil particularly top of the soil was very high (4.3 cmol c kg -1 ).
Proteome analysis
A total of 12 gels (2-DE) were proceeded to observe Al tolerance and rice plant growth promotion with addition of bio-fertilizer and GML. The 2D-PAGE analysis of leaf tissue protein exposed the difference expression of various spots of proteins that demonstrated substantial alteration in their profusion among the control and soil amended treated samples. From the digital image analysis, 345 spots were observed among the gels, out of which, 173 spots showed significant up/down regulation along the treatments. Moreover, eight protein spots, reactive to Al toxicity, were recognized using MALDI-TOF/MS and MASCOT analysis (Fig. 1) . The expression level of these spots varied significantly among the treatments (Fig. 2) . The appearance of proteins was significantly high in the bio-fertilizer with GML. 
Analysis of differentially expressed proteins
Fifty spots with significant changes in their expression profiles were removed manually from the 2D gels for the tryptic digest and exposed to mass spectrometry. For the protein identification, peptide mass since MALDI-TOF-MS were harmonized through theoretical molecular weight of peptides for protein using NCBI database by MASCOT. However, only eight (8) spots were identified with a disparity stated between the treatments. All identified protein spots presented homology with proteins of known function (Table 3 ). All identified protein spots were known to have various important physiological functions. Protein spot 1 was related in the light receptor, delivers excitation energy to photosynthesis, and binds chlorophyll contents. It was light receptor and it bounds with chlorophyll and performed the defense against plant cell proteins. The identified protein spot 2 was responsible for several functions, especially against the plant stress. Protein spot 3 belonged to the ribosomal protein and played some metabolic functions, particularly in the plant cells. Protein spot 4 was recognized as disease resistant phosphoric diester hydrolase. The protein spot 5 and spot 6 were responsible for the ribosomal formation and other physiological functions. However, spot 7 and 8 were bound tolerate within plant physiological functions, reduce abiotic stress, metabolic and transgenic role (stem, build up xylem in cell wall) in the plant, respectively (Table 3 ). The protein spots were larger in volume, about one to twofold in the bio-fertilizer with GML application than the control and showed their various abilities (Fig. 2) . The bio-fertilizer plus GML treatment was found to have significantly bigger spot size (with higher expression) than the others. In our study, it was found that more than 22% of the recognized proteins were involved in the metabolic process, disease resistance and 13% of the proteins were responsible for disease resistance and oxidoreductase activity, while 13% were elaborated against the plant stress, photosynthesis and metabolic processes. There was 9% of the protein spots which were engaged for the protein synthesis functions (Fig. 3) . Rrelative protein spot volume
Spot numbers
Bio-fertilizer+GML GML Bio-fertilizer Control Fig. 2 Differential expression of protein in different spots of interest selected on 2D gels of the leaf sheath of rice cultivars treatments contains control, bio-fertilizer, GML and bio-fertilizer with GML. The values are the mean of three independent observations. Error bars indicate SE. Spot numbers are in accordance with 2D gels shown in Fig. 1 Effect of GML and bio-fertilizer application in chlorophyll content and soil pH
The chlorophyll content as determined by SPAD meter was greater in bio-fertilizer and GML treatments (Table 4) . Generally, GML and bio-fertilizer applied single or in mixture enhanced the chlorophyll contents (SPAD values) in the rice leaves. Significantly (P \ 0.05) higher values (39.00) were observed due to bio-fertilizer and GML applied 45 days after sowing. Higher chlorophyll contents in the leaves means higher contents of nitrogen and photosynthesis that may lead better rice growth and ultimately its yield. GML and bio-fertilizer application enhanced the soil pH from 3.8 to 5.45 (Table 4 ). The pH increase was observed at day 15 and it persisted until crop was harvested. Considerably higher [5.0 soil pH was found by bio-fertilizer and GML combined applications matched to the control. However, for bio-fertilizer treatment alone, only a minor increase in pH was observed, but it was higher than that of the non-inoculated treatments. Fig. 3 Assignment of the identified proteins to functional categories using the classification described by Bevan et al. (1998) . A total of 345 spots were found and representing eight different proteins were classified
Protein functions
Effect of soil amendment for the growth of rice
The use of bio-fertilizer and GML positively influenced the plant growth (Table 5 ). The plant development was increased with soil treatment related to without bio-fertilizer and GML. Higher plant biomass, plant height, root length and plant tillers were found in the bio-fertilizer alone or with GML application.
Discussion
Acid sulfate soil has pH below 3.80 with low Ca and Mg, with high Al and Fe contents. Rice plants cannot be grown well at lower pH (\5.0). At the soil pH of 3.80 it would be very difficult to grow rice without any soil amendment. Hence, bio-fertilizer and GML application increased the pH and lowered the exchangeable Al and Fe contents. The use of GML in the field trial results proved that at the 4 t ha
, it increased 3-4.5 water pH only. The main reason is due to the soil buffering capacity, that resist the change of soil pH even after the soil amendments .
The bio-fertilizer and GML alone or in combined application enhanced the chlorophyll contents (SPAD values). The increase in chlorophyll contents may lead to higher N uptake in plant leaves and for better growth of the plants. Similar findings from the earlier studies showed that application of bio-fertilizer containing potential beneficial bacteria to rice plants significantly increased the chlorophyll contents and photosynthesis values due to their phytohormones production (Panhwar et al. 2011) . The effects from the various experiments done earlier reported that the high Al content in water adversely affected root development of rice seedlings (Benton 2001) . Aluminum exposure was the major reason in reduction of plant production as well as root growth. Thus, the plant root inhibition might be accountable for low plant production (Silva 2013) . In contrast, the applications of bio-fertilizer containing potential microbes are able to produce organic acids which can chelate Al in plant root system and reduce the adverse effect of Al toxicity (Panhwar et al. 2012) .
The main protein techniques could be used for the plant proteomics to know about the plant physiological mechanisms using 2D-PAGE analysis, protein digestion, peptide analysis using mass spectrometry and identify proteins from peptide mass spectra (peptide mass fingerprinting or tandem mass spectrometry) methods (Rossignol et al. 2006; Hakeem et al. 2012c) . Moreover, from the present study, it was proven via 2D-PAGE analysis that soil amendments using bio-fertilizer with GML have ability to reduce the Al toxicity. A total of 173 spots from 345 spots showed substantial variations in response to the treatments. Of these, eight proteins were identified and were either upor down-regulated from the rice cultivated in acid sulfate soil. However, the size of the spots was not equal and varied. The higher size was observed in the soil amended treatments. Many recognized proteins proved inconsistencies among the experimental and predictable molecular weight, constant with earlier findings (Bedon et al. 2011) . Hence, it might be the reason in all conditions for protein dilapidation where lower molecular weight and post- Means within the same column followed by the same letters are not significantly different at P \ 0.05 (n = 4) translational changes, such as glycosylation on other were higher compared with the estimated molecular weight was calculated (Plomion et al. 2006) . Eight proteins were identified from this study, which were overexpressed significantly about two-to threefold due to the use of combined bio-fertilizer and GML treatments over control, in rice cultivated on acid sulfate soil. These proteins performed various physiological functions in the plants. Protein spot 1 was basically protein genes which have the ability to possess physiological traits to light receptor that delivers the excitation energy for chlorophyll and photosynthesis (Vaugha et al. 2008 ). Protein spot 2 was able to increase tolerance against both stresses, biotic and abiotic stresses such as soil drought, soil acidity, Fe and Al toxicity (Sanchez et al. 2013 ). Another protein spot 3 which is known to be light receptor, performing physiological functions such as photosynthesis and increase plant cells tolerance to root Al toxicity (Huang et al. 2009; Panda et al. 2009 ) and stress in the plants. The spot 4 was involved in various functions to improve the vigor and tolerance of the plant to biotic and abiotic stresses (Davey et al. 2013 ). In addition, it performs a significant disease resistance, phosphoric diester hydrolase activity, lipid metabolic and oxidation-reduction process. The spot 5 protein genes are involved in the plant tolerance, protein synthesizing functions that belong to the ribosomal protein with oxidoreductase activities (Liu et al. 2010) . Spot 6 was identified to play a vital role in Al tolerance by decreasing level of Al toxicity inside plant root cell wall and moving Al into root cells, wherever it is eventually transferred into the vacuole. This protein gene may be beneficial tool for improving Al tolerance in a broader level of various plant types and performs other physiological functions (Li et al. 2014) . Spot 7 was concerned with high cellulose and low lignin contents. In addition, it was involved in plant growth by performing biological and physiological functions including accumulation of the leaf chlorophyll and photosynthesis (Ghosh et al. 2013 ). Hence, it was expected with the above appearance formally enhance the activity of photosynthesis in treated plants in relation to achieve higher plant growth and probable relation particularly like plant defense mechanism. The spot 8 was responsible to perform function for the seed development and has a great importance in nutrition, cell metabolism and transgenic role in plant stem, cell wall thickness in xylem and fibers (Xiong et al. 2013; Mahmoud et al. 2007) .
Similarly, the expressions of various protein species proposed a possible reservoir of genetic variation for plant enhancement. For the respected genes related to the resistance of plant disease, latest reports have also found that these protein species can deliver promising alleles for the improvement of crop yield and other associated parameters (Mahmoud et al. 2007 ).
The protein Bambusa oldhamii a phylogenetic analysis exposed that BohLOL1 is a homolog of Arabidopsis that have been described to perform antagonistically to regulate the cell decease with the preservation of reactive oxygen species homeostasis. Furthermore, outcomes from the studies propose that BohLOL1 contribute in the growth of bamboo and are related to biotic stress. The proteins form the balance between the cell death to cell growth (Yeh et al. 2013 ) and the presence of proteins containing glutelins (B. distachyon) closer to the rice than to the wheat endosperm. Several proteins with mysterious function in B. distachyon cell wall proteomes that clarifies novel areas of research for monocot crop cell walls (Douché et al. 2013; Handakumbura et al. 2013) .
Rice plants grown on acid sulfate soil applied with biofertilizer and GML induced the differential expression of proteins and upgraded the proteins involved in the metabolic, disease resistant, plant stress and other physiological functions. Proteins perform significant function in the plant system that may lead to the plant defense mechanism as well as against plant stress and metabolic processes (Kim et al. 2004; Yang et al. 2007 ). Consequently, protein profiling expression through genomic study is a useful approach (Hakeem et al. 2013 ) that could give a clear picture regarding the Al-responsive proteins that play a major role in reducing Al toxicity in acid sulfate soil.
Conclusions
This study provides new information on the effect of PGPB and GML application on Al-responsive proteins in the leaf tissues of rice cultivated on acid sulfate soil. There were 8 protein spots identified (Accession nos. B8BL99, Q9T0D3, M0YJN1, M0REW8, B0LT90, I0J180, D0UXW7 and I1HS13) that either up or down regulated for their specific characteristics. The role of identified proteins was related to Al detoxification, energy metabolism, chlorophyll content, photosynthesis, protein deprivation and antioxidant activities. Hence, the results indicates that the microbial species used in bio-fertilizer with addition of GML improves growth of rice in acid sulfate soils.
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